The rate of DNA synthesis in cultures of chicken embryo fibroblasts is reduced by deprivation of serum, high population density, and other "physiological" effectors, through a reduction in the number of cells in the Speriod of the cell cycle. It is well known that the growth rate of normal fibroblasts in culture depends on such factors as population density, pH, and serum concentration (1). A variety of other cellular activities respond to these effectors in the same way as does growth rate. These activities include transport and metabolism of hexoses (2, 3), biosynthesis of lipids, nucleic acids, and proteins (4), and the execution of differentiated functions such as hyaluronic acid (5) and collagen production (J.
production to an extent comparable to the reduction caused by the removal of serum from the medium. A model for the coordinate control of metabolism, differentiated function, and growth through the activity of divalent cations is described. The compartmentalization of Mg++ within the cell serves as the key element in this coordinate control by regulating those metabolic pathways in which the rate-limiting steps are transphosphorylation reactions. It is well known that the growth rate of normal fibroblasts in culture depends on such factors as population density, pH, and serum concentration (1) . A variety of other cellular activities respond to these effectors in the same way as does growth rate. These activities include transport and metabolism of hexoses (2, 3) , biosynthesis of lipids, nucleic acids, and proteins (4) , and the execution of differentiated functions such as hyaluronic acid (5) and collagen production (J. Kamine and H. Rubin, unpublished observations). The fibroblast appears to respond to environmental conditions as an integrated unit, accelerating an array of processes in response to stimuli and decelerating them in response to inhibitors. Except for the initiation of DNA synthesis, which depends on the rates of RNA-and protein synthesis (1, 6) , there is no indication that these processes are directly dependent on one another (4) . It is likely, therefore, that they all respond to some common underlying control mechanism.
Identification of the common control mechanism would be advanced if the specific controlling reaction in each of the above processes were established. However, this has only been accomplished in the case of glycolysis, where all the substrates and products in the pathway are readily assayed.
Abbreviation: CEF, chick embryo fibroblasts.
Here it has been shown that the enzyme phosphofructokinase is activated in chick embryo fibroblasts following the administration of growth stimulants (3) . This is the rate-limiting step for glycolysis in a variety of animal cells, and at least eight effectors of enzyme activity have been found. More recently, it has been reported that in cells which have undergone the malignant transformation, the enzymes hexokinase and pyruvate Kinase, in addition to phosphofructokinase, are activated (7) .
The term activation is usually taken to mean an increase in the rate at which an enzyme functions as a result of some allosteric change in its configuration (8) . The increase in enzyme activity is assumed on the basis of an increase in the ratio of products to substrates of the enzyme reaction. However, such an increase need not depend on allosteric effectors of the enzyme. It could be brought about by the increased availability of a co-factor for the reaction. Mg++ is the only co-factor common to the three regulatory steps of glycolysis, and indeed to all transphosphorylation reactions. Since these usually involve large decreases in free energy (9) , they are likely to be control points in other metabolic pathways. Indeed, this assumption underlies Atkinson's "energy charge" theory of cellular regulation (10) . However, no significant alteration in energy charge has been found in cultured cells under different regulatory conditions (3) .
Much of the Mg++ in cells is bound to membranes (11) and only a fraction is free, or bound to adenine nucleotides (12) . Unfortunately, no simple technique is available to determine the distribution of Mg++ among various cell constituents. I approached the question of the role of Mg++ in cell regulation by limiting its external supply and observing the effects on cells. Since a simple reduction in external concentration produced erratic effects, it was necessary to use agents which complex Mg++ preferentially. These agents produced metabolic effects which are described below.
MATERIALS AND METHODS
Primary cultures of chick embryo fibroblasts (CEF) were made in plastic petri dishes according to established procedures (13, 14) . The secondary cultures of CEF used here were initiated with 106 cells per 60 mm dish in a medium consisting of mixture 199, 2% tryptose phosphate broth, and 1% chicken serum, designated 199 (2-0-1). Where not otherwise indicated, the medium contained approximately 0.8 mM Mg++ and 1.7 mM Ca++.
Procedures for labeling cells with radioactive isotopes, scintillation counting, autoradiography, protein, and lactic acid determinations have been described elsewhere (2, 3, 6 (15) .
The addition of up to 1 mM ATP to chick embryo cultures for 16 (Fig. 3) , which indicates that the length of the S-period remains constant, i.e., the rate of DNA chain elongation is unaffected.
ADP causes stimulation and inhibition of DNA synthesis at the same concentration as does ATP (Fig. 4) the nucleotides are withdrawn. Sodium pyrophosphate, which is a much firmer complexor of Mg++ than either of the nucleotides, causes little stimulation, but does cause a highly reproducible inhibition of DNA synthesis (Fig. 4) . Although pyrophosphate forms a precipitate with Ca++, the precipitate does not damage cells. The effectiveness of the inhibition of DNA synthesis by pyrophosphate is much more sensitive to [Mg++] than to [Ca++] (Fig. 5) . Indeed, the lowest concentration at which pyrophosphate begins to show its inhibitory effect is determined by [Mg++] (Fig. 6) (Fig. 8) . The relatively slight increase seen in Ca++-treated control cultures is discussed below.
Incorporation of uridine and of proline into acid-insoluble material, the uptake of 2-deoxy-D-glucose, and the production of lactic acid are inhibited by pyrophosphate ( Table 1) . The effects of pyrophosphate on these parameters are comparable to those produced by either the removal of serum, lowering of pH, or increase in population density (1, 4, 6, 16 There is a lag period of 2-4 hr before an increase in DNA synthesis becomes detectable, just as there is in the restoration of DNA synthesis by adding serum to serum-deprived cultures. The inhibition of incorporation of uridine into RNA and proline into protein, the uptake of 2-deoxy-D-glucose, and the production of lactic acid are coordinately inhibited by the pyrophosphate-induced deprivation of Mg++ to about the same extent, relative to the reduction in DNA synthesis, as they are by serum deprivation and density dependent inhibition (6) . Although Zn++ deprivation also inhibits the initiation of DNA synthesis and the continuing synthesis of RNA, it affects neither protein synthesis, the up- (8, 9) , and presumed to be the control points in nucleic acid and protein synthesis (10) . It has been established that Mg++ is bound by cellular membrane systems (11) , and that the amount bound is subject to fluctuations in pH and other ions (11) , and presumably by alterations in membrane configuration. Although 22 and Fig. 8 ) could be caused by displacing Mg++ from membrane binding sites (11, 21) .
The stimulation of DNA synthesis by low concentrations of ATP or ADP is an unexpected result. The stimulation does not occur unless the concentration of Mg++ in the medium is approximately equal to or higher than that of the nucleotides. In the model presented here, the stimulation might result from increased uptake of Mg when it is combined with a nucleotide, since the charge of both components would be reduced.
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